, J. M. 2011. Carberry hard red spring wheat. Can. J. Plant Sci. 91: 529Á534. On average, over 36 replicated trials over 3 yr, Carberry, a doubled haploid hard red spring wheat (Triticum aestivum L.), expressed significantly higher grain yield than all checks except Superb. Wheat and flour protein concentrations were greater than Superb. Carberry matured significantly later than AC Barrie, Katepwa, and Lillian. Carberry was significantly shorter than all of the checks and was significantly more resistant to lodging than Katepwa, Laura and Lillian. Carberry had significantly higher test weight than all of the checks, intermediate kernel weight relative to the checks, and meets the end-use quality specifications of the Canada Western Red Spring wheat market class. Carberry expressed improved resistance to fusarium head blight relative to the checks, resistance to prevalent races of leaf rust, stem rust, common bunt, and moderate resistance to loose smut.
Pedigree and Breeding Method
Carberry derives from the cross Alsen/Superb designated B0065, which was made in 2000 at SPARC, AAFC, Swift Current, Saskatchewan. Alsen (Frohberg et al. 2006 ) derives from the cross of ND674/ND2710// ND688. Superb (Townley-Smith et al. 2010 ) derives from the cross Grandin*2/AC Domain. Six hundred and forty nine F 1 -derived doubled haploid lines (B0065&) were generated using the maize pollen method (Knox et al. 2000) . The ''&'' was assigned to the cross name to identify lines as doubled haploids and incrementing alpha characters were assigned for each F 1 plant of the cross followed by a numeric character that indicated the specific doubled haploid derivative of an F 1 plant. In 2002, seed of the individual doubled haploid lines was inoculated with common bunt [Tilletia laevis Ku¨hn in Rabenh., and T. tritici (Bjerk.) G. Wint. in Rabenh.] races L1, L16, T1, T6, T13 and T19 (Hoffmann and Metzger 1976) . The seed was planted in 1.5-m-long rows spaced 23 cm apart with every second row planted with CDC Kestrel winter wheat (Fowler 1997) , which is susceptible to leaf (Puccinia triticina Eriks.) and stem rust (P. graminis Pers.:Pers. f.sp. tritici Eriks. & E. Henn.). An irrigated leaf rust and stem rust epiphytotic nursery was established by planting genotypes susceptible to prevalent races of leaf and stem rust in every 12th plot and needle inoculating a sample of plants in each row with representative rust races found the previous year (McCallum and Seto-Goh 2006) . Stem rust races used were: QTHST (C25), RHTSK (C20), RKQSR (C63), RTHJT (C57), TMRTK (C10), and TPMKR (C53) (Roelfs and Martens 1988; Fetch 2005) . Spikes were selected from 534 disease-resistant doubled haploid lines that matured early and had strong stems of acceptable height. The seed from each spike was grown in 2-m rows either near the village of Irwell or Lincoln, New Zealand. In 2003, 191 doubled haploid lines were assessed for agronomic performance in four row plots 3 m long and replicated twice in nurseries near Swift Current, Regina, Indian Head, SK. and Morden, MB. Grain protein concentration was measured using near infrared reflectance (NIR) spectroscopy (Williams 1979 ) on a composite sample of each doubled haploid from each location. Reaction to leaf and stem rust was assessed in an epiphytotic nursery near Glenlea, MB, and response to Fusarium graminearum Schwabe [teleomorph Gibberella zeae (Schwein. Petch] was assessed in a fusarium head blight (FHB) nursery near Carman, MB. Remnant seed from the yield trials was used to assess grain quality and kernel characteristics. Selected doubled haploid lines were screened for reaction to a mixture of races T2, T9, T10 and T39 of loose smut [Ustilago tritici (Pers.) Rostr.] (Nielsen 1987) , and races L1, L16, T1, T6, T13 and T19 of common bunt. This procedure identified the line B0065&AK043, which met all of the selection criteria at each stage of selection.
The (McCaig et al. 1996) , Katepwa (Campbell and Czarnecki 1987) , Laura (DePauw et al. 1988) , Lillian (DePauw et al. 2005) and Superb (Townley-Smith et al. 2010) . The variables measured and protocols followed in the WBWC test have been described by Fox and McCallum (2006) . The PROC MIXED procedure was used to analyze the data annually and to perform a combined analysis over years using a mixed model with environments and replications considered random and genotypes considered fixed (SAS Institute, Inc. 2003) .
Response to several diseases was assessed in specialized disease nurseries from 2005 to 2007. Leaf and stem rust seedling infection types were assessed using stem rust races: QTHST (C25), RHTSK (C20), RKQSR (C63), RTHJT (C57), TMRTK (C10), and TPMKR (C53) (Roelfs and Martens 1988; Fetch 2005) , and leaf rust races: MBDS (12-3), MBRJ (128-1), MGBJ (74-2), TDBG (06-1-1), TDBJ (70-1) and TJBJ (77-2) (McCallum and Seto-Goh 2006) . Field evaluations of leaf and stem rust reactions, using leaf rust races representative of those found the previous year and the same stem rust races as for the seedling tests, were measured annually in epiphytotic nurseries near Glenlea, MB. Reaction to fusarium head blight was assessed in artificially inoculated field tests conducted annually near Glenlea and Carman, MB (Gilbert and Woods 2006) . To determine response to loose smut, a mixture of the prevalent races T2, T9, T10 and T39 was injected into florets at anthesis of plants grown in the field and the inoculated seed subsequently grown out in a greenhouse (Menzies et al. 2003) . To determine response to common bunt, a mixture of prevalent races L1, L16, T1, T6, T13 and T19 was used to inoculate the seed planted in midApril of each year near Lethbridge, AB (Fox and McCallum 2006) .
A sample of grain of the checks from each location was submitted to the Canadian Grain Commission to determine grain grade and protein concentration. Enduse suitability was determined on a composite sample made up from sites with grain samples representative only of the top hard red spring wheat grades. The quantity of grain from a location was adjusted to achieve a final composite protein concentration approximating that of the average for the crop. A consistent quantity 
Performance
On average over 36 trials over 3 yr, grain yield of Carberry was 9.6% higher than the mean of the checks (P 50.05) (Table 1) , and similar to that of Superb, the highest-yielding check. Carberry had protein concentration equal to the mean of the checks (Table 2 ) and 0.5 units higher (P 50.05) than Superb. The time to maturity was later (P 50.05) than the mean of the checks, but not later than Superb, the latest maturing check. Carberry had shorter (P 50.05) plant height than Superb, the shortest stature check. Carberry expressed less (P 50.05) lodging than the mean of the checks and slightly less than AC Barrie and Superb, the checks with the lowest lodging scores. Carberry had higher (P 5 0.05) test weight than AC Barrie, the check with the highest test weight. Seed size of Carberry did not differ from the mean of the checks and was intermediate to AC Barrie and Superb.
Other Characteristics SPIKE. Parallel sided, medium density, erect to inclined attitude at maturity, medium glaucosity, white chaff colour at maturity, medium length awns; glumes are glabrous with medium width, short length, rounded to square shoulder of medium width, and short beak length.
KERNEL. Hard red type, medium red colour, small to medium size kernel, oval kernel shape, round to angular cheek shape, midlong brush hairs, large to midsize germ, round shape of germ, and medium wide crease of shallow to medium depth. DISEASE REACTIONS. Carberry expressed resistance to prevalent races of leaf rust, stem rust and common bunt, moderate resistance to prevalent races of loose smut (Table 3) . Carberry expressed better resistance to FHB than the best check AC Barrie (Table 4 ). In 10 of 13 tests, the FHB disease indices of Carberry were numerically identical to or lower than those of AC Barrie. The DON content of Carberry was numerically equal to or lower than that of AC Barrie in three out of five trials. The number of fusarium-damaged kernels was similar to that for AC Barrie at Charlottetown. The percentage susceptible kernels, percentage weight of (Table 5) .
END-USE SUITABILITY. Carberry had quality parameters within the range of the checks and improved protein concentration, lower flour ash, higher farinograph absorption and better crumb structure than the mean of the checks (Table 6 ).
Maintenance and Distribution of Pedigreed Seed
The 117 American Association of Cereal Chemists methods were followed by the Grain Research Laboratory, Canadian Grain Commission for determining the various end-use suitability traits on a composite of 6 to 10 locations each year. y SD is the standard deviation based on repeated testing of Allis mill check samples, and standard bake flour sample with replicate tests carried out over an extended period of time each season, provided by GRL, CGC.
x DDT is the farinograph dough development time measured in minutes.
w MTI is farinograph mixing tolerance index expressed in Brabender units (BU).
v NA, not available. 
